Introduction {#sec0005}
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The most common manifestation of tuberculosis (TB) is pulmonary. Central nervous system (CNS) TB is rare and often due to hematogenous spread from the lung and most devastating forms of human mycobacterial infection \[[@bib0005]\]. CNS TB accounts for 1 % of all TB cases and 5 % of extrapulmonary TB cases \[[@bib0010]\]. Diagnosis of TB can be more difficult and consequently overlooked. If treatment is delayed especially, CNS TB has a worse outcome than pulmonary TB \[[@bib0015]\]. Neuroimaging supports diagnosis, assessment for complications, and monitoring of the clinical course for CNS TB. In the elderly, clinical features of TB may be atypical, non-specific, and confused with concomitant age-related diseases and the immune system undergoes a gradual weakening with age, a condition known as immunosenescence. Atypical clinical manifestations of TB in older persons can result in delay in diagnosis and initiation of treatment. Early and adequate access to health care through their primary care physicians is therefore crucial for the elderly. Here, we present a case of miliary TB that subsequently seem to have evolved into CNS TB (tuberculous meningitis and intracranial tuberculomas) in the elderly.

Case report {#sec0010}
===========

We report the case of a 91-year-old woman with a history of chronic obstructive pulmonary disease, lumbar compression fracture, and moderate Alzheimer's disease who was admitted to our emergency department following the development of altered mental status. She had no history of treatment with immunosuppressants or steroids. Over the three weeks before admission, her appetite waned; she progressively became more lethargic and did not eat or communicate for over 24 h. Upon arrival, she opened her eyes in response to verbal stimulation and responded to painful stimulation but could not follow verbal instructions. Her initial vital signs were as follows: heart rate, 70 beats/min; respiratory rate, 14 breaths/min; blood pressure, 107/69 mmHg; body temperature, 36.9 °C; and oxygen saturation, 96 % in room air. Clinical examination confirmed decreased bilateral air entry with bibasal crackles in lungs. Examination of the abdomen, extremities, and skin was insignificant. Neurological examination revealed neck stiffness but no other gross focal neurological deficits. Her white blood cell count and C-reactive protein concentration were 4990/μl (neutrophils, 79.8 %; lymphocytes, 17.4 %; monocytes, 2.8 %) and 4.21 mg/L, respectively. Serum creatinine and electrolyte concentrations were normal. Based on the presence of diffuse ground-glass opacities in bilateral lung fields by chest X-ray at admission, chest computed tomography (CT) was performed. Chest CT confirmed miliary opacities without mediastinal or hilar lymphadenopathy ([Fig. 1](#fig0005){ref-type="fig"}). Cerebrospinal fluid (CSF) analysis showed increased protein concentration (374 mg/dL) and low glucose concentration (12 mg/dL, with a serum glucose concentration of 113 mg/dL) with 180 nuclear cells/mm^3^ (129 mononuclear cells/mm^3^ and 51 polynuclear cells/mm^3^). T1-weighted gadolinium-enhanced brain magnetic resonance imaging (MRI) showed multiple well-defined enhancing lesions in the cerebral and cerebellar hemispheres and pons, which were suggestive of tuberculomas ([Fig. 2](#fig0010){ref-type="fig"}). The smears of the sputum and gastric aspirate containing acid-fast bacilli (AFB) were graded as Gaffky 5 and 1, respectively. Culture, and polymerase chain reaction (PCR) evaluations confirmed the presence of *Mycobacterium tuberculosis*. Thus, she was transferred to a nearby hospital specializing in TB treatment. *M. tuberculosis* cultures of the sputum and gastric aspirate showed sensitivity for all anti-TB drugs including rifampicin, whereas the CSF culture was negative. The patient was started on tuberculostatic treatment with rifampicin (450 mg/day, 13.6 mg/kg/day,), isoniazid (300 mg/day, 9.1 mg/kg/day), pyrazinamide (1,500 mg/day, 45.5 mg/kg/day), ethambutol (450 mg/day, 13.6 mg/kg/day), and vitamin B6, which were administered using a nasogastric tube together with the intravenous administration of adjunctive corticosteroids (Dexamethasone Sodium Phosphate, 13.2 mg/day, 0.4 mg/kg/day). However, the patient died three months after being transferred from our hospital without improving her general condition.Fig. 1Chest computed tomography showing diffuse, bilateral, widespread miliary opacification.Fig. 1Fig. 2Axial view of T1-weighted gadolinium-enhanced magnetic resonance images showing multiple enhancing lesions in both the cerebral and cerebellar hemispheres and pons, suggestive of tuberculomas.Fig. 2
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CNS TB, occurring in patients with active TB, is associated with immunodeficiency, malnutrition, alcoholism, and malignancies \[[@bib0010]\]. Tuberculomas are atypical manifestations of TB is and are characterized by conglomerate caseous foci in the brain developing from coalescing tubercles acquired during previous hematogenous bacillemia. Silent, multiple nodular enhancing lesions, albeit observed more commonly in meningitis, can also develop in patients with miliary TB \[[@bib0020]\]. In our case, the smear, culture, and PCR evaluations were negative for *M. tuberculosis* in the CSF samples. The sensitivity of PCR for *M. tuberculosis* in the CSF is reported to be as low as 30 % \[[@bib0025]\]. The CNS tuberculoma diagnosis in the present case was based on the detection of *M. tuberculosis* in the sputum and gastric aspirate, along with specific CSF and brain MRI findings. Miliary TB results from the lymphatic and hematologic spread from a TB focus and is potentially lethal without treatment \[[@bib0030]\]. The human immunodeficiency virus/acquired immunodeficiency syndrome pandemic and the use of immunosuppressive drugs have led to an increase in the incidence of miliary TB \[[@bib0030]\].

In the elderly, the respiratory symptoms become worse as they age. In fact, as many as 34.6 % of elderly patients do not complain of fever or respiratory symptoms, and other symptoms often appear in the foreground \[[@bib0035]\]. The clinical symptoms of TB in the elderly might be nonspecific and can include the lack of energy and decreased appetite, which can be confused with age-related diseases \[[@bib0040]\]. Elderly patients with TB often visit an emergency department in Japan only after developing a poor general condition such as that occurred with the present case \[[@bib0045]\]. Although studies have demonstrated that fever, cough, and hemoptysis are less frequent, dyspnea is frequently observed in elderly patients with TB \[[@bib0050],[@bib0055]\]. In addition, many patients are diagnosed during evaluation or hospitalization for other diseases and the diagnostic duration tends to be shorter than that in symptomatic patients, likely because the elderly patients during consultation for other diseases or hospitalization are given more priority as patients. TB can involve almost any organ in the body, including the brain as observed in the present case; thus, TB should be included in the differential diagnosis of diseases with unusual presentation especially in the elderly. The mortality rate in older patients with TB was higher than that in younger patients with TB in the United States in a study from 1993 to 2008 (21 % vs. 7 %, p \< 0.001) \[[@bib0060]\]. However, early TB treatment can reduce TB-related mortality, and TB in the elderly is a treatable and curable disease \[[@bib0065],[@bib0070]\]. Older adults successfully completed therapy similar to younger adults after adjusting for greater overall mortality in older adults based on a study in the United States \[[@bib0060]\].

Because the elderly comprises the majority of the Japanese population and were born when TB was prevalent, the prevalence rate remains high. Along with the elderly population\'s growth in numbers, there has been an increase in the number of TB cases among seniors all over the world. The aging phenomenon of TB patients is recognized all over the world, but no country is as prominent as Japan \[[@bib0050],[@bib0075]\]. Although the number and incidence of TB are steadily decreasing in Japan, the prevalence is 13.3 cases per 100,000 individuals in 2017 which is higher than that in other high-income countries, and the number of new cases remains above 15,000 and approximately 2000 people die annually in Japan; thus, TB is a major infectious disease in Japan \[[@bib0035]\]. Japan has epidemiological features of TB, which is that 59 % of all TB patients are elderly (≧ 70-year-old) and the incidence in 80--89 and ≧ 90 age groups is 55.5 and 92.7 cases per 100,000 individuals, respectively \[[@bib0035]\]. Accordingly, in Japan the following measures are implemented for TB surveillance in the elderly. Elderly patients who have been hospitalized for other diseases for a long period of time as well as elderly residents should have regular chest X-ray examinations. Patients should undergo rehabilitation to prevent a decrease in activities of daily living during hospitalization. The Ministry of Health, Labor and Welfare, with the cooperation of local governments and related organizations, raises awareness on TB prevention from September 24 to September 30 every year as the "TB Prevention Week\". Regarding Japan\'s guidelines on the management of latent TB infection, in determining patients for LTBI treatment, the following should be considered: 1) risk of TB infection/development; 2) infection diagnosis; 3) chest image diagnosis; 4) the impact of TB development; 5) the possible manifestation of side effects; and 6) the prospects of treatment completion \[[@bib0080]\]. Treatment for latent TB infection is strongly recommended when risk is higher, including risk factors such as the following: HIV/AIDS, organ transplants (immunosuppressant use), silicosis, dialysis due to chronic renal failure, recent TB infection (within 2 years), fibronodular shadows in chest radiographs (untreated old TB), the use of biologics, and large doses of corticosteroids \[[@bib0080]\]. Isoniazid as treatment for latent TB infection is administered for a period of 6 or 9 months in Japan \[[@bib0080]\]. However, a recent study has reported that the treatment completion rate was 71.9 %, not achieving the national target \[[@bib0085]\].

The onset of TB is mainly associated with decreased immunity; however, several other factors such as comorbidities, decreased activity, dysphagia, and malnutrition, which influence one another, also influence the development of TB in the elderly. Because the mortality rate of TB increases rapidly with age, reaching approximately 30 % among the elderly \[[@bib0075]\], early diagnosis is critical in the elderly.
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